ABSTRACT: Preweaning piglet mortality is largely attributed to the incidence of low birth weight and birth weight variation within the litter. Therefore, developing strategies to increase within-litter uniformity of piglet birth weight is important. This study investigated the effects of different feeding strategies based on specific nutrient supplies in sow diet on the within-litter variation of piglet birth weight (BW0). Four batches of highly prolific crossbred Landrace × Large White sows were used. Three dietary treatments were compared: supplies of dextrose during the week before insemination (190 g/d) and of L-arginine (25.5 g/d) from d 77 of pregnancy until term (DEXA, n = 26); a dietary supplementation of L-arginine only (25.5 g/d), from d 77 of pregnancy until term (ARGI, n = 24); and no supplementation to a standard gestation diet (CTL; n = 23). Total born piglets (TB), i.e., piglets born alive (BA) and stillborn piglets, were numbered and weighed at birth and at weaning. Data were analyzed by ANOVA using the MIXED procedure in a model that included dietary treatment (ARGI, DEXA, and CTL), initial parity (1, 2 and 3, 4, and more), and backfat thickness (below or above the average value at the onset of the experiment: 15.7 mm) as the main effects and batch as random effect. The treatment did not influence (P > 0.10) the number of piglets at birth (on average 15.6 ± 3.8 and 14.2 ± 3.6 for TB and BA, respectively) or piglet BW0 (on average 1.48 ± 0.26 and 1.50 ± 0.26 kg for TB and BA, respectively). The coefficient of variation of piglet BW0 (CV BW0 ) was less in litters from ARGI sows than in litters from CTL sows and intermediate in litters from DEXA sows (for TB: 21.4, 23.4, and 25.7%, P = 0.08; for BA: 20.6, 22.5, and 25.4%, P = 0.03, in the ARGI, DEXA, and CTL groups, respectively). Irrespective of diet, CV BW0 was less (P < 0.01) in litters with 16 TB piglets or less than in the largest litters (20.9 vs. 26.5%). Litter growth rate during lactation and litter size at weaning were not influenced (P > 0.10) by dietary treatments. In conclusion, supplementing gestation diet with L-arginine during the last third of pregnancy reduced within-litter variation of piglet birth weight. Combining L-arginine dietary supply with a supplementation of dextrose before insemination provided no additional benefit.
INTRODUCTION
Piglet birth weight (BW0) and within-litter variation of BW0 have been identified as major contributors to preweaning piglet survival (Milligan et al., 2002; Quiniou et al., 2002; Damgaard et al., 2003; Wientjes et al., 2012) . Although there is some evidence that these traits may be influenced by maternal nutrition, the effects of feeding extra feed or energy during pregnancy on piglet BW0, within-litter variation of BW0, and preweaning mortality are not consistent in literature. Rather, some studies have focused on supplementing maternal diets with specific nutrients to affect sow endocrine status, ovarian follicle development, or maternal-fetal features. Supplementing diets with dextrose during the weaning-to-estrus interval reduced litter heterogeneity at birth without any effect on litter size (van den Brand et al., 2006) . Promising results have been also obtained by adding functional AA to sow gestation diets. When Larginine was given to sows from d 14 to 28 of pregnancy at a dose of 25 g/d, placental vascularity was increased and 1 to 3 extra fetuses or piglets per litter were obtained (reviewed by Wu et al. [2006] and Le Floc'h et al. [2012] ). When L-arginine was given from d 22 or 30 of pregnancy to term at a dose of 20 g/d, litter size was increased without major detrimental effects on mean BW0 and withinlitter BW0 variation (Mateo et al., 2007; Gao et al., 2012) .
The present study aimed at investigating 1) the influence of dietary supplementation of L-arginine during the last third of pregnancy on within-litter variation of BW0 and proportion of low birth weight piglets and 2) whether combining this treatment with a supply of dextrose before insemination may have additional positive effects. The rationale for limiting L-arginine supplementation to the last third of pregnancy only was to avoid any extra increase in litter size, as the sows in the present study were already highly prolific.
MATERIALS AND METHODS

Experimental Design, Feeding, and Farrowing Supervision
The experiment was conducted in the experimental station of IFIP-Institut du Porc (Romillé, France). Four batches of crossbred Landrace × Large White sows (parity from 1 to 10 at the onset of the experiment, i.e., from 2 to 11 at farrowing) were used. Care and use of animals were performed according to the Authorization to Experiment on Living Animals issued by the Ministry of Agriculture (certificate numbers 35-07 for N. Quiniou).
At weaning, 90 sows were allocated to 3 experimental groups according to parity and backfat thickness at weaning. Sows were fed a conventional gestation diet twice daily (Table 1) with either supplementations of dextrose (190 g/d) from the day of weaning to first insemination and of L-arginine (25.5 g/d) from d 77 of pregnancy until term (DEXA); supplementation of L-arginine (25.5 g/d) only, from d 77 of pregnancy until term (ARGI); or no supplementation (CTL). Dextrose (Roquette Frères, Lestrem, France) was manually delivered as topdressing in the DEXA group and provided sows with about 10% extra NE daily. The L-arginine (free base 99.7% purity, purchased from Nutreco, Boxmeer, the Netherlands) was mixed in the conventional gestation diet at the level of 0.77% so that daily supply was 25.5 g/d. During the 5 to 6 d from weaning to insemination, the first 8 d of pregnancy, and from d 77 to term, sows were offered 3.3 kg of feed daily. To homogenize sow body condition at farrowing, feed allowance was individually adjusted from d 9 to 76 of pregnancy according to parity and body condition at weaning (individual measurements of BW and backfat thickness), as usually practiced in the present herd. Individual nutritional requirements were calculated according to the factorial model developed by Dourmad et al. (2008) to achieve a goal of 20 mm of backfat thickness at farrowing and an expected BW that depended on parity.
After the day of farrowing, all sows were fed a conventional lactation diet (Table 1) . Feeding level was progressively increased during the first 5 d of lactation. Afterwards, sows were allowed free access to feed.
A week before parturition, sows were moved from the gestation rooms to individual farrowing crates on fully slatted floors. Farrowing was not induced. When the birth interval exceeded 2 h, sows were intramuscularly injected with 2 mL of oxytocin (10 IU/mL, Ocytovem; CEVA Santé Animale, Libourne, France). During farrowing, no additional help or care was given to piglets, except for those being crushed when technicians were present in the room. Stillborn piglets were identified by testing lung flotation. Beyond 24 h, cross-fostering was performed within each treatment group to adapt litter size to the number of functional teats. As far as possible, piglets were kept with their dam.
Measurements
Sows were weighed on the day of weaning, on d 7 and 77 of pregnancy and within 24 h after farrowing. Backfat thickness was measured using B-mode ultrasound equipment (Ultrascan 900; ECM, Angoulême, France) at the P2 site on the day before weaning, on d 7 and 77 of pregnancy, and between 3 and 5 d before farrowing. All piglets, total born (TB), i.e., piglets born alive (BA) and stillborn piglets, were weighed individually within 24 h after birth. Mummies were excluded from calculations. Piglets were then weighed at 13 d of age and on the day before weaning, around 28 d. In the case of mortality before weaning, the piglets were identified and weighed, and the day was recorded.
Variables, Calculations, and Statistical Analyses
At the onset of the experiment, 90 weaned sows were available. Nine of them did not come into estrus (5 CTL, 2 ARGI, and 2 DEXA). Among inseminated sows, 8 animals were excluded from the experiment (5 CTL, 2 ARGI, and 1 DEXA) because they returned into estrus after insemination (1 CTL and 1 DEXA), aborted (1 CTL), had leg weakness (1CTL and 2 ARGI), or were ill mid-pregnancy (2 CTL). That left 73 sows available for the analyses of the performance of gestation and at farrowing. During lactation, 4 sows were removed from the trial because of death (1 CTL), leg weakness (1 CTL), agalactiae (1 ARGI), or adoption of piglets from another treatment (1 DEXA).
For each litter, numbers of TB, BA, and stillborn piglets were recorded. Within-litter mean (mBW0) and coefficient of variation (CV BW0 ) of piglet birth weight were calculated. Litter size at birth was also categorized into 2 classes defined with reference to the average TB per litter (15.6 piglets). Average litter size during lactation corresponded to the number of weaned piglets (farrowed or adopted by the sow) and those that died during lactation on prorata temporis. The average litter daily gain was calculated as the sum of individual BW gains from birth to the day before weaning or from birth to death, divided by the duration of lactation minus 1 d. As cross-fostering was performed very early, BW0 was considered as the initial BW for adopted pigs.
Data were analyzed by ANOVA using the MIXED procedure (SAS Inst. Inc., Cary, NC). The sow or the litter represented the experimental unit. The model included as fixed effects the dietary treatment (CTL, ARGI, and DEXA) and 2 classified factors used to assign the sows to dietary treatments, i.e., parity and backfat thickness at the onset of the experiment. Parity was considered in 3 classes (1, 2 and 3, 4, and more) and backfat thickness was considered in 2 classes (≤ 15.7 or > 15.7 mm, the threshold limit corresponding to the average value obtained from the experimental sows). The batch (1 to 4) was considered as random effect. When the effect of treatment was significant, least squares means were separated by contrasts. When analyzing CV BW0 , the number of TB piglets was also introduced in the model as a covariate. The effects of dietary treatment and litter size on piglet traits were also analyzed in a model that included dietary treatment (CTL, ARGI, and DEXA), litter size class (≤ 16 TB, > 16 TB), the interaction between both factors, and the classified parity and backfat thickness as fixed effects. When analyzing piglet BW and litter growth rate during lactation, the litter size at the corresponding stage was introduced in the model as a covariate.
RESULTS
At the onset of the experiment, sow parity, BW, and backfat thickness did not differ among experimental groups (Table 2 ). Backfat and BW gain from weaning until parturition was not influenced (P > 0.10) by dietary treatments. At farrowing, the numbers of TB and BA piglets averaged 15.6 ± 3.8 (means ± SD) and 14.2 ± 3.6, respectively; they were not influenced (P > 0.10) by treatments (Table 3 ). On average, 1.4 piglets died within the first 24 h after birth in the group ARGI, and 0.7 and 0.6 piglets died during the same period in the CTL and DEXA groups, respectively (P = 0.10; Table 3 ). Mean piglet BW0 averaged 1.48 ± 0.26 and 1.50 ± 0.26 kg for TB and BA piglets, respectively, and did not differ (P > 0.10) between treatments (Table 3) .
Coefficients of variation of BW0 were less for TB (P = 0.08) and BA (P = 0.03) piglets in litters born from ARGI sows than in litters from CTL sows and were intermediate in litters from DEXA sows ( Table 3 ). The proportion of low birth weight piglets (i.e., weighing less than 1 kg) was not different among treatments (P = 0.42). However, the proportion of TB piglets having a medium BW0 tended to be greater in the treated groups compared with the CTL group (77 vs. 66%, P = 0.06). The CV BW0 was greater (P < 0.01; Table 4) in large litters and averaged 26.5% in litters of more than 16 TB piglets and 20.9% in litters of 16 TB or less. There was no interaction between treatment and litter size (P = 0.57; Table 3 ).
Litter performance during lactation was not influenced (P > 0.10) by dietary treatments (Table 5) . Irrespective of treatment, sows weaned 11.9 ± 1.6 piglets on average and litter growth rate averaged 3.13 ± 0.38 kg/d during lactation.
DISCUSSION
L-arginine is a common precursor for nitric oxide (NO) that stimulates angiogenesis and vasodilation and for polyamines that regulate DNA and protein synthesis (Wu et al., 2006) . Therefore, dietary L-arginine supply could promote both placental efficiency and fetal growth. When dietary supply of L-arginine is performed from d 14 to 28 of pregnancy, it generally benefits conceptus survival and enhances sow litter size (Ramaekers et al., 2006; Hazeleger et al., 2007; Bérard and Bee, 2010) . However, some adverse effects on litter size have been reported in gilts when L-arginine supply started at d 0 of pregnancy (Li et al., 2010) . As the present experiment was performed with highly prolific sows, litter size enhancement should be avoided and L-arginine supplementation was thus investigated during the last third of pregnancy. During this period, fetal mortality is usually low (Town et al., 2005) , and therefore an impact of dietary L-arginine treatment on litter size was unlikely. This assumption is supported by the present findings, as ARGI and CTL sows had similar litter size at birth. Although within-litter variation in birth weight is already partly established at the end of embryonic development (van der Lende et al., 1990 ) and may originate from early embryonic development (conceptus elongation) or from follicle and oocyte maturation (Vallet et al., 2009; Wientjes, 2013) , the within-litter CV of weight averages only 10-11% on d 27 of gestation and doubles during fetal growth and maturation to reach 20-22% at birth (Quesnel et al., 2010) . This is an argument to expect effects of dietary treatments on within-litter variation in birth weight or on the number of low birth weight piglets when treatment is applied during the last third of gestation, which is the period of exponential fetal growth (Mc Pherson et al., 2004; Ji et al., 2005) .
Supplementing sow diet with L-arginine during the last third of pregnancy did not influence mean piglet BW0, but it reduced the within-litter variation of BW0. The decrease in CV BW0 averaged 4.3% with regard to TB piglets and 4.8% with regard to BA piglets in the ARGI group compared with the CTL group. The effects of L-arginine supply might involve vasodilation of placental vessels, thus enhancing placental function and nutrient partitioning among fetuses. Our results imply that benefits from L-arginine treatment were greater for the growth of the fetuses which were the smallest at 77 d of gestation. Supporting this assumption, the proportion 3 Analysis of variance included dietary treatment (P-value), parity considered in 3 classes (1, 2, and 3, 4 and more), backfat thickness at the onset on the experiment considered in 2 classes (below or above the average backfat thickness of the all population, i.e., 15.7 mm) as fixed effects and batch as a random effect. 4 Allocation on the day of weaning.
5 Gain between treatment allocation and the end of gestation. of piglets having a medium birth weight was improved when sows received L-arginine supplementation. Effects of hormonal and nutritional strategies during gestation that selectively improved the fetal growth and body composition of the smaller littermates have been previously reported (Rehfeldt et al., 2001; Dwyer et al., 1994) . Irrespective of diet, CV BW0 was less in litters having 16 TB piglets or less than in litters with more than 16 TB piglets. This was expected considering the positive relation between litter size and within-litter variation in piglet birth weight (Quiniou et al., 2002; Quesnel et al., 2008) . Interestingly, the impact of L-arginine supplementation during the last third of pregnancy on CV BW0 was of less magnitude in the large litters than in litters of 16 piglets or less. In the large litters, it is likely that the number of embryos at the end of the first month of pregnancy exceeds the uterine capacity, which may have subsequent deleterious effects on fetal development uniformity (Foxcroft et al., 2007) . Whether this physiological limit can be overcome by any dietary treatment is not known.
To date, most of the studies have investigated separately the effects of premating and gestating diets on reproductive performance. Therefore, the present study is one of the first to address whether 2 different nutrients delivered at specific critical stages could have additive effects on litter uniformity. Supplementation of dextrose as topdressing on the feed of multiparous sows during the weaning-to-estrus interval was shown to reduce CV BW0 by 3.7% (van den Brand et al., 2006) . The underlying hypothesis is that a simple sugar (dextrose) stimulates the rapid rise in insulin concentration, and because it is provided as extra energy, it may stimulate secretion of insulin and IGF-I. Both hormones might stimulate follicle and oocyte maturation and quality (Quesnel, 2009) , thereby favoring a more uniform fetal development. In the present study, however, combining dextrose supply before insemination to L-arginine supply during late pregnancy did not significantly reduce the within-litter variation of piglet BW0 when compared with the CTL treatment, whereas an improvement was obtained with L-arginine used solely. This suggests interactions between dextroseand arginine-related effects that are yet unknown.
In the present study, the dietary treatment did not influence litter characteristics during lactation, especially the number of piglets weaned. Therefore, there was no apparent relation between within-litter variation in piglet BW0 and survival rate, which contrasts with previous findings (Knol et al., 2002; Milligan et al., 2002; Wientjes et al., 2012) . First, it is worth noting that the number of litters considered in the present experiment was far less than in above-mentioned studies dedicated to investigating lactation features. Second, the extent of the reduction of CV BW0 observed in the ARGI treatment as compared with the CTL treatment might be too low to have a significant influence on piglet survival in the present conditions. Indeed, a positive effect of reducing within-litter variation of BW0 on preweaning survival has been observed when CV BW0 varied from more than 20% to less than 15% (Milligan et al., 2002) . In our study, CV BW0 averaged 26.1% for 15.6 TB piglets, which was consistent with our pre- 1 CTL = no supplementation; ARGI = L-arginine supplementation from d 77 of pregnancy until term; DEXA = dextrose supplementation from weaning to insemination and L-arginine supplementation from d 77 of pregnancy until term.
2 Litter size was categorized into 2 classes: 16 total born piglets or less (≤ 16 TB) or more than 16 total born piglets (> 16 TB).
3 MSE: maximum value of pooled standard errors.
4 Analysis of variance including dietary treatment (T), litter size class (LS), and the T × LS interaction, parity considered in 3 classes (1, 2, and 3, 4 and more), backfat thickness at the onset on the experiment considered in 2 classes (below or above the average backfat thickness of the all population, i.e., 15.7 mm) as fixed effects and batch as a random effect.
5 CV BW0 : coefficient of variation of piglet BW0. 1 CTL = no supplementation; ARGI = L-arginine supplementation from d 77 of pregnancy until term; DEXA = dextrose supplementation from weaning to insemination and L-arginine supplementation from d 77 of pregnancy until term.
2 MSE: maximum value of pooled standard errors; different values were obtained for the 3 treatments due to the different number of sows per group.
3 Analysis of variance included treatment (P-value), parity considered in 3 classes (1, 2, and 3, 4 and more), backfat thickness at the onset on the experiment considered in 2 classes (below or above the average backfat thickness of the all population, i.e., 15.7 mm) as fixed effects and batch as a random effect.
4 After cross-fostering.
5 Litter size on d 1 of lactation was introduced in the model as a covariate.
6 Litter size on d 13 of lactation was introduced in the model as a covariate.
7 Litter size at weaning was introduced in the model as a covariate.
8 Average litter size during lactation was introduced in the model as a covariate.
vious observations (Quiniou et al., 2002; Quesnel et al., 2008) , and was reduced to 21.4% in the ARGI group. The present findings are consistent with those of van den Brand et al. (2006) , who did not report any improvement of preweaning survival when CV BW0 was reduced from 21.2 to 17.5%. Third, a positive relation between CV BW0 and survival has been observed for litters with low mean piglet BW0 (< 1.3 kg; Milligan et al., 2002; Wientjes et al., 2012) , but not for litters with piglet BW0 averaging 1.6 kg (Milligan et al., 2002) . In our study, irrespective of the treatment group, piglets had an average BW0 of 1.5 kg.
In conclusion, supplementing gestation diet with Larginine during the last third of pregnancy slightly reduced within-litter variation of birth weight. Potential benefits of this reduction of litter heterogeneity on preweaning survival must be further assessed in various herds. Combining L-arginine supply with a dietary supply of dextrose during the weaning-to-estrus interval provided no further benefits.
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